Abstract. The prevalence of lead in Golden Eagles (Aquila chrysaetos) occurring within the recent historical range of the California Condor (Gymnogyps californianus) was determined by analyzing blood samples from 162 Golden Eagles captured between June 1985 and December 1986 at three sites. We found no significant differences between sex and age classes in blood lead levels nor were there differences between residents and migrants. Significant differences were found between months with the highest blood lead levels occurring during the fall/winter period. Approximately one-third (35.8%) of the Golden Eagle population sampled had elevated blood lead levels, values similar to those reported for freeflying California Condors. Given this rate of exposure, if the proposed releases of California Condors back to the wild are to succeed, whether in their former range or elsewhere, any potential for lead poisoning must be reduced. It is essential that we identify the sources of the lead, the seasonal and geographic distribution of these sources, and develop management strategies to reduce or eliminate the hazard.
losses (Snyder 1986 ) and 60% (three of five) of the conlirmed mortalities (Wiemeyer et al. 1988 ). The three lead-poisoned California Condors were recovered in January, March, and April (Janssen et al. 1986 ), suggesting that the initial exposure occurred during the traditional fall-winter hunting season. Although carcasses and offal associated with hunting activities appear to be the probable source of lead affecting condors, other sources such as air pollution in the urban environment (Ohi et al. 1981) or along roadways (Grue et al. 1986 ) can also cause elevated tissue levels. Fourteen captive California Condors held in an urban environment had blood lead levels averaging 0.09 ppm with a maximum of 0.35 ppm (Wiemeyer et al. 1988 ). However, mortality in vultures and raptors from sources other than metallic lead appears unlikely (Pattee and Hennes 1983).
The above data indicate that California Condors were exposed to lead and were dying as a result of that exposure. To better understand the availability of lead to condors, Golden Eagles (Aquila chrysaetos) foraging in the range of the California Condor were captured and blood samples taken. Golden Eagles were chosen because they are abundant throughout the condor' s range and were frequently observed feeding on the same carcasses utilized by California Condors. Although highly predatory, Golden Eagles scavenge readily and could provide a conservative estimate of lead exposure for California Condors.
Turkey Vultures (Cathartes aura) were also considered since they are known to have elevated lead levels in southern California (Wiemeyer et al. 1986 ). However, they were deemed unsuitable because they are highly localized in distribution and only seasonally resident, leaving during the late winter period. (Jollie 1947 ). Prior to release, a lo-ml blood sample was taken from the brachial vein, a numbered patagial tag was placed on the right wing, and a U.S. Fish and Wildlife Service rivet band was attached to the leg. All eagle captures were incidental to ongoing work associated with the California Condor. Therefore, sampling effort was not distributed equally between areas and over time. Biologists working on the condor project were at the three study sites regularly and recorded tag numbers of eagles as encountered.
METHODS

Golden Eagles were captured in Kern and
Blood samples were preserved with OS-ml formaldehyde (Wiemeyer et al. 1984 ) and stored in vials cleaned in 10% nitric acid and rinsed with acetone, then hexane. Preserved samples were stored at -15°C prior to analysis. Lead analyses followed the methods of Wiemeyer et al. (1984) and Femandez and Hilligoss (1982) using a Perkin-Elmer (Norwalk, Connecticut) HGA-400 graphite furnace at a wavelength of 283.3 nm for the analyses with deuterium arc background correction. The lower limit of reportable, uncorrected residues was 0.01 ppm, wet weight. Recovery of spiked samples averaged 85%.
Data were analyzed using SAS Version 6 for personal computers (SAS Institute, Cary, North Carolina). Resident birds were defined as individuals recaptured or resighted in the area 60 days or more after the initial capture. Because the lead values were not normally distributed, they were log transformed prior to statistical analysis. In samples with lead values below the detection limit, a value of one-half the detection limit (0.005 ppm) was used for all calculations and for deriving means except in those cases where more than one-half the values were below the detection limit. SAS procedures for &i-square and for ANOVA using the general linear model or t-tests were used with a significance level of 0.05. When significant differences in means were present, SAS procedures for Bonferonni t-tests of differences between means for all main-effect means were used to separate means. All results are reported as parts per million (ppm), wet weight, untransformed and uncorrected for recovery.
RESULTS
One hundred and sixty-two Golden Eagles were captured. Twenty-two birds were recaptured and three birds were captured three times. Fifty birds (30.9%) were resighted in the same general area 60 or more days after their capture and were classified as residents; 13 resident birds (26%) were observed at both Tehachapi and Hudson. dent), 22% adults (9 resident) and 78% subadults Age and sex ratios (two birds were not aged or (41 resident). sexed) were based on 160 birds (Table 1) : 32% There were no differences in the frequency dismales (11 resident) and 68OYk females (39 resi-tribution of age classes when compared to resi- between birds classified as resident and migrant (Table 2 ). Because no differences in blood lead levels could be attributed to age, sex, or residency, these groupings were combined for all subsequent analyses. The location of the capture site did affect the mean blood lead level (Table 2) only data from first captures were used in the statistical analyses to eliminate potential bias associated with second and third captures (Table  3 ).
Significant differences (df = 10, F = 5.66, P = 0.000 1) were found in mean lead values by month (Table 4) (Table 5 ). There were 58 blood lead values greater than or equal to 0.20 ppm, 45 (78%) of these values were from the months of September-December (September = 1, October = 7, November = 24, December = 12), six were from March, four were from January, two were from May, and one each from September and July. Nine blood lead values were greater than 0.60 ppm; eight (89%) were from the months of September-December and one was from March.
DISCUSSION
No significant differences in blood lead levels were detected that could be related to sex, age, ' Number in parentheses represents those birds whose blood lead was below the detection limit of 0.0 I PPIII or residency. Differences between areas, particularly Hudson and Tehachapi, may be an artifact. Seven of the nine birds with blood lead levels below the detection limit were from Hudson. Substantial movement between the two areas also occurred. These factors plus the nonrandom sampling scheme used to determine the trapping schedule make it impossible to determine if the reported differences are biologically ' significant.
Elevated blood lead levels were observed in September, October, November, and December with all but one of the clinically lead-poisoned cases occurring in these months. In Bald Eagles, 89% of the lead poisoning cases reported by Pattee and Hennes (1983) occurred between October and March, with a peak in January. They attributed the source of lead to waterfowl and the waterfowl hunting season. As with Bald Eagles, there appears to be a relationship between season and the elevated blood lead levels in Golden Eagles.
Although blood lead levels may be elevated in Golden Eagles from sources other than metallic lead, mortality is rarely associated with these sources ( (Janssen et al. 1986 ), the condors probably ingested lead sometime in October/November, December/ January, and January/February-months quite close to those suggested by the Golden Eagle data as being most hazardous. This study does not address the issue of the source of the lead. Although there is a temporal factor that suggests a relationship between the hunting season and elevated lead levels (and lead availability), no data were collected or are available to implicate lead shot and/or bullet-killed animals as the primary source of the lead causing the elevated blood lead levels in Golden Eagles. However, eagles and condors were observed feeding on deer carcasses and offal from hunter-killed deer.
Our findings that 36% of the 162 Golden Eagles sampled had been exposed to lead and that 2.5% had levels indicative of clinical lead poi- Thus we are in a position to reduce (perhaps significantly) annual condor mortality by reducing exposure to lead. Now that lead is known to be a ubiquitous hazard, it is essential that we identify the sources of the lead, the types of carcasses it is found in, and the seasonal and geographical distribution of those carcasses.
